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Monday, February 9, 2015 303ainhibitory domain. The actin-activated ATPase activity of full-length DmM5 is
significantly stimulated by micromolar level calcium. In contrast, the actin-
activated ATPase activity of the truncated DmM5 without GTD is partially in-
hibited by calcium and this inhibition could not be rescued by exogenous
calmodulin (CaM). Among the two cargo-binding proteins of DmM5 in
Drosophila compound eye, GTP-bound dRab11 significantly activates the
actin-activated ATPase activity of DmM5, whereas Ltd has little effect on it.
A single residue mutation in the GTD, Q1689A, disrupts the interaction be-
tween the GTD and dRab11 and abolishes the dRab11-dependent activation
of the actin-activated ATPase activity of DmM5, indicating that dRab11 abol-
ishes the inhibition of DmM5 by the GTD. Based on those results, we propose
that DmM5-dependent transport of pigment granule is directly activated by
light-induced calcium influx and DmM5-dependent transport of rhodopsin-
bearing vesicle is activated by active GTP-bound dRab11, whose formation
is stimulated by light-induced calcium influx.
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The 14-3-3 family comprises a group of small acidic regulatory proteins which
are essential, ubiquitous, and highly conserved across eukaryotes. Overexpres-
sion of the 14-3-3s sigma, epsilon, zeta, and eta correlatewith a highermetastatic
potential and poorer clinical outcomes in different cancers.We have uncovered a
role for 14-3-3s in regulating the assembly of non-muscle myosin-II. This dem-
onstrates that 14-3-3s could tune cell mechanics directly, and therefore
contribute to the progression of metastatic cancers. Here, we examine how
myosin-II assembly is regulated by 14-3-3 in Dictyostelium (one 14-3-3, one
non-muscle myosin-II) and humans (seven 14-3-3s, three non-muscle myosin-
IIs). In Dictyostelium, 14-3-3 mediates a pathway between microtubules and
the racE small GTPase to regulate myosin-II assembly. Here, 14-3-3’s expres-
sion levels negatively correlatewithBTF accumulation. In vitro assembly assays
using purifiedmyosin-II tail fragments and 14-3-3 demonstrate that this interac-
tion is direct, phosphorylation-independent, and high affinity (Kd ~300 nM).We
also found that the seven human paralogs of 14-3-3 affect the assembly of human
non-muscle myosin-II filaments in different ways, some causing overassembly
and others inhibiting assembly. These two 14-3-3 classes directly compete to
govern the overall level of myosin-II assembly. Examining assembled
myosin-II filaments by electron microscopy confirmed that the average filament
size correlates with the overall assembly level. Furthermore, we mapped three
critical residues which differ between the two 14-3-3 classes and discovered
that alterations of any of these residues convert an assembler to a disassembler.
Our findings demonstrate a novel phosphorylation-independent method for
regulating myosin-II assembly that is mechanistically conserved from amoebas
to humans. These findings imply that altered 14-3-3 expression profiles could
directly modulate cell mechanics in metastatic cancers, which would be of great
interest for basic and clinical sciences alike.
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Filopodia are cellular protrusions composed of bundled parallel actin filaments
that initiate from the cortex and have roles in cell adhesion and signaling during
directed cell migration. MyTH4-FERM myosins (including Myosin 7, 10 and
15) localize to the distal tips of filopodia, stereocilia, and microvilli. Myo10
is required for filopod growth in mammalian cells while Myo7 is essential
for filopod growth in Dictyostelium. We performed live cell imaging using
GFP-tagged Myo7 in null cells. Myo7 rescued filopod formation and localized
to filopodia tips and actin-based pseudopods. In pseudopods, enrichment at the
leading edge near the cell membrane preceded the growth of filopodia. Tip
extension velocity remained constant throughout the growing phase indepen-
dent of Myo7 accumulation at the tip. A construct lacking MyTH4-FERM do-
mains but including the putative SAH domain (Myo7 Motor) failed to rescue
filopodia and did not localize with cortical actin. Neither of the two FERM do-
mains was essential for rescue of filopod formation. Deletion of the C-terminal
FERM led to increased production of substrate-adhered filopodia suggesting
this domain might negatively regulate Myo7 activity in vivo. We tested this
by mutating conserved residues implicated in auto-inhibition of Myo10 and ex-
pressing a mutated Myo7 (KK2333/2336AA) that also showed increased pro-
duction of filopodia relative to wild type Myo7. Tip extension velocity in
these mutants was similar to wild type despite the increased number of filopodtips. A mutant lacking the motor domain (Myo7 Tail) was enriched near the cell
membrane but failed to rescue filopod formation. Neither FERM domain was
essential for localization of the tail. These results suggest that normal formation
of filopodia requires membrane-localized Myo7 with precisely regulated motor
activity. (This work is supported by an NSF grant to MAT. KJP is supported by
NIH grant T32 AR007612.)
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Mitochondria undergo continuous cycles of fission and fusion creating a highly
dynamic network, which is essential for its proper functions in apoptosis, ATP
generation and calcium homeostasis. Mitochondria long-range motility relies
on the microtubule motors kinesin and dynein. Recently, actin and myosin
19 have been implicated in mitochondrial motility in vertebrates. However,
the interaction of endogenous myosin 19 with the mitochondria remains un-
known. Here, we show using multiple complementary approaches that endog-
enous myosin 19 is anchored directly to the outer mitochondrial membrane
(OMM) in a monotopic fashion. We have identified a region of 30 residues
at the tail domain of myosin 19, which is both essential and sufficient for
myosin 19-OMM interaction. Furthermore, we have purified to near homoge-
neity a 45 long peptide comprised of this region to study its biochemical and
biophysical properties. We performed in-vitro binding assay by fluorescence
anisotropy of this specific purified peptide to vesicles with different phospho-
lipid compositions. Our results revealed that that this peptide binds to vesicles
mimicking the OMMwith the highest affinity. To relate this tight binding to the
mitochondria to myosin 19 ATPase activity, we have purified myosin 19-3IQ
construct and measured its actin-dependent steady state ATPase activity. Inter-
estingly, we found that it is completely inhibited by very low calcium concen-
tration, suggesting that myosin 19 activity may be regulated by local calcium
concentration. The interaction between a motor protein and an organelle, and
the calcium dependence implicates that myosin 19 plays a role in mitochondria
network dynamics.
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Myosin-XXI is one of only two myosin isoforms found in the genome of the
Leishmania parasite. It is involved in the assembly and elongation of the flagel-
lum and in intracellular trafficking. Using mammalian cell transfections, FRAP
(fluorescence recovery after photobleaching) measurements and single particle
tracking,we elucidatedmyosin-XXIdynamics in vitro and in vivo.Transfections
withmyosin-XXI resulted in an accumulation ofmyosin at the plasmamembrane
and inside the tips of filopodia. A minimal construct encoding the N-terminal
SH3 domain, motor domain, and parts of the tail upto aa 808 was required for
this localization pattern. Notably, the myosin-XXI tail contains several lipid
binding sites. Live imaging revealed that filopodial myosin accumulations
endured length changes of filopodia, pointing toward the possibility of
myosin-XXI being stably bound to the plasma membrane. Additionally, we
observed an increase in the length and density of filopodia in transfected cells,
indicating that themyosinmight tether the actin cytoskeleton to the plasmamem-
brane thus stabilizing the architecture of membrane protrusions. To investigate
the dynamic behavior of this myosin when bound to membranes, we anchored
myosin-XXI to planar supported lipid bilayers via a biotin-streptavidin-biotin
link and investigated its diffusion by FRAP and single particle imaging. Further-
more, we studied the myosin’s capability of moving filamentous actin when
bound to lipids. In filament gliding assays on lipid vesicles, vesicle size appeared
to influence filament motility. Accordingly, we tested myosin-XXI for curvature
sensitivity employing SLiC (single liposome curvature) assays.
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Hypertrophic cardiomyopathy (HCM) is an inheritable disease in humans that
causes the heart’s ventricular walls to thicken. There are over 200 identified
mutations that cause HCM, and the generally proposed hypothesis is that
HCM mutations increase heart muscle contractility. To test this hypothesis,
we expressed two HCM myosin mutations, R249Q and R146N, in Drosophila
304a Monday, February 9, 2015and performed skinned indirect flight muscle (IFM) fiber mechanics to measure
power, force and muscle kinetics. The R146N and R249Q mutant fibers signif-
icantly (p<0.05) decreased power generation by 45% and 67%, respectively,
from control fibers. The decrease in power by R146N resulted from a decrease
in force generation because isometric tension and work production decreased,
47% and 42%, respectively, proportional to power reduction. R249Q fibers pro-
duced less power because both force and muscle speed decreased. Isometric
tension decreased by 37% and the frequency at which maximum power gener-
ation occurred was 20% lower. Muscle mechanics were performed on mutant
and control fibers from two-hour-old Drosophila, prior to degradation of
myofilament structure, which started at two-days-old and increased with age.
Electron microscopy showed that degradation was more pronounced in the
R146N line. Decreased power output from the fibers caused a 60% decrease
in two-day-old Drosophila flight ability for both lines. Molecular modeling
suggests R249Q could be interfering with communication between the nucleo-
tide and thin filament binding sites, while R146N may alter the N-terminal do-
main’s interactions with the lever arm. Overall, our results contradict the
increased contractility HCM hypothesis and instead suggest ventricular hyper-
trophy is a compensatory response to a decrease in heart muscle power gener-
ating ability. Supported by NIH grants R01 AR055611 to D.M.S. and R01
GM322433 to S.I.B.
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Inclusion body myopathy type 3 (IBM-3) is a progressive dominant disease
affecting fast skeletal muscle. It results from a point mutation in the SH1 helix
of the myosin motor. Previously, we showed that homozygous expression of the
analogousmutation in Drosophila indirect flightmuscle (IFM) results in a flight-
less phenotype, severe abnormalities in myofibril structure, dramatically
reducedATPase and in vitromotility, increasedmyosin aggregation and produc-
tion of autophagic andmembranous inclusions (Wang et al., 2012,Mol Biol Cell
23:2057-65). We have now examined the dominant effects of the IBM-3 muta-
tion in our model. Mutant and wild-type proteins accumulate in equimolar
amounts in heterozygotes, since ATPase and in vitro motility levels display in-
termediate values. Heterozygotes show progressive defects in IFM function that
are less severe than in homozygotes, correlating with deficits in fiber mechanics
(Corcione et al., 2010, Biophys. J. 98: 544a). Surprisingly, we detect no defects
in muscle morphology in heterozygotes. While increasing the mutant:wild-type
gene dosage to 2:1 further compromises muscle function and produces minor
myofibrillar defects in aged flies, no inclusion bodies are observed. We exam-
ined the accumulation of Ref(2)P, a polyubiquitin-binding protein that is
commonly associated with protein aggregates, and found a dramatic upregula-
tion only in the IBM-3 homozygotes.We defined themakeup of these aggregates
by proteomic analysis and found alterations in proteins associated with mito-
chondrial function and the unfolded protein response. We plan to manipulate
expression levels of such proteins in an attempt to improve mutant phenotypes.
Supported by MDA grant 217900. We appreciate the assistance of Robert N.
Cole and Robert O’Meally, JHU Mass Spectrometry and Proteomics Facility.
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Freeman-Sheldon Syndrome (FSS) is a rare genetic disorder characterized pri-
marily by multiple congenital contractures of facial muscles and distal joints,
craniofacial abnormalities among other phenotypes. Mutations in embryonic
skeletal myosin (MYH3) are the only known cause of FSS, and the vast major-
ity of patients have one of three mutations: R672C, R672H, and T178I. The
goal of this study was to determine the functional effects of these FSS- causing
mutations on the human embryonic myosin motor domain. Preliminary data
show a 10-fold reduction in ATP binding for both S1 (k2þ) and actin-S1
(k02þ) for the R672C mutation. ADP affinity appears unaffected for this
mutant. In the case of R672H, measurements of ATP binding were difficult
because there was such a small change in tryptophan fluorescence (1.5%compared to 7-8% for Emb-WT). There was a 30 fold reduction in ATP binding
to S1. Taken together with the reduction in tryptophan fluorescence change, we
speculate a disruption in the conformational change in the recovery stroke.
However when measured in the presence of actin we see values similar to
Emb-WT. Interestingly, the affinity of ADP for actin-S1 is >3 fold tighter in
this mutant with the rate constant for ADP release being reduced >3 fold.
The affinity for actin is ~20 fold weaker in the rigor complex and 10 fold tighter
in the presence of ADP. For the T178I mutant which in the myosin structure
forms a hydrogen bond with the R672 residue, we expect a similar effect in
nucleotide binding. Our preliminary data shows a 5 fold reduction in ATP bind-
ing to S1 and 3 fold to actin-S1. When comparing to Emb-WT, the functional
characteristics of these mutants are severely disrupted specifically in ATP in-
duction of cross-bridges, which can explain the disease phenotype.
Cell Mechanics, Mechanosensing, and Motility II
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Stochastic simulations in mechanobiology generally use rate constants from an
effective one-dimensional Kramers problem in the high friction regime. This
assumes that the dynamics along one coordinate (generally the mechanical co-
ordinate) are much faster compared to the dynamics along the other coordinate.
Here, we investigate systems with comparable dynamics along the mechanical
and chemical coordinates, in search of a better mechanochemical simulation
method for a system governed by a potential in more than one dimension.
We simulate test systems to compare our method and the existing simulation
methods to a numerically exact solution of the multidimensional Fokker-
Planck equation with bi-stable potential. We also study effects of introducing
an external force and changing the friction anisotropy in the system on the
rate constants.
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Cells are capable of sensing mechanical rigidity of surrounding environments.
For example, cells have a tendency to produce higher levels of forces within
more rigid extracellular matrices (ECMs). The mechano-sensing behaviors of
cells are often accompanied by drastic reorganization of intracellular structures.
It has been suggested that actin cytoskeleton, the scaffolding structure of eu-
karyotic cells mainly comprising F-actins, cross-linkers, and myosin motors,
is involved with the mechano-sensing. The contractile force generated by the
myosin motors is known to be sensitive to external mechanical environments,
implying that the actomyosin contractility plays a significant role in the cell
mechano-sensing. However, how microscopic properties of F-actins, cross-
linkers, and myosins and their local interactions induce the macroscopic
mechano-sensing behaviors of cells remains elusive. To elucidate the molecu-
lar mechanism, we developed an agent-based computational model of a three-
dimensional cell-like structure where a thin actomyosin cortex beneath a mem-
brane can be adhered to the ECM via focal adhesions. Our model accounts for
several key features neglected by previous studies despite their potential signif-
icances for the mechano-sensing. Using the model, we evaluated time evolution
of forces and ECM deformation generated by the cell-like structure. Both of the
force and deformation increase over time, reaching a steady state. With softer
ECM, the steady-state force is proportional to rigidity of the ECM but becomes
insensitive to a change in the rigidity above a critical level of ECM rigidity,
which is consistent with experiments. We elucidated the molecular mecha-
nisms for the biphasic dependence on rigidity and overall mechano-sensing pat-
terns based on the actomyosin contractility. We also systematically studied
effects of the ECM rigidity on structural reorganization of actomyosin cortex.
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The mechanical respons of the micro environment of a cell is of great influence
for its differentiation and mobility. However, the mechanism that a cell uses to
sense these mechanical properties remains largely unkown. Mechanosensing
could happen by direct coupling to the nucleus via the actin cytoskeleton or
by activating molecular signaling cascades through protein complexes.
